In light of a recent report that short-term treatment with valproic acid (VA) might accelerate the decay of the latent reservoir for HIV-1 in patients receiving combination therapy and allow eventual eradication of the infection, we studied patients with prolonged suppression of viremia who were receiving combination therapy and who had also been receiving chronic VA therapy for neurological or psychiatric conditions. Latently infected cells were readily detected in all patients at levels comparable to those seen in patients receiving combination therapy alone. We conclude that the clinical use of VA has no ancillary effect on the decay of the latent reservoir.
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Although highly active antiretroviral therapy (HAART) can reduce plasma HIV-1 levels to below the limit of detection in many patients, replication-competent virus persists in a stable, latent reservoir in resting CD4 + T cells [1] [2] [3] . Because of the extremely long half-life of this reservoir, it is unlikely that HIV-1 infection can be cured with ART alone [4] . Thus, there is great current interest in strategies for eliminating this reservoir.
In general, these strategies involve the use of agents that will activate HIV-1 gene expression in latently infected cells so that the cells either will die from viral cytopathic effects or host cytolytic effector mechanisms or will be subject to novel therapies designed to kill infected cells [5] . HAART is continued during this process to prevent new rounds of infection by viruses released from latently infected cells that have become activated. Partial reductions in the size of the pool of latently infected cells have been reported after the use of interleukin-7 or prostratin in the SCID-hu (Thy\Liv) model of HIV-1 latency [5] .
The development of strategies for efficient activation of latent HIV-1 requires a full understanding of the molecular mechanisms that restrict HIV-1 gene expression in latently infected cells. There has been considerable interest in the idea that changes in chromatin structure might limit transcription from the HIV-1 long terminal repeat (LTR). Although infected resting CD4 + T cells typically harbor HIV-1 proviruses within introns of active cellular genes [6] , cis features of the LTR may allow positioning of histones in such a way that HIV-1 transcription is inhibited [7] . The binding of specific transcription factors to the LTR may allow recruitment of histone deacetylase (HDAC) 1, resulting in histone deacetylation and the repression of transcription [8, 9] . These results suggest that inhibitors of HDACs may induce HIV-1 gene expression by latently infected cells.
One currently approved drug with ancillary HDAC inhibitory activity is valproic acid (VA). It has been widely used in the treatment of seizures, migraine, and bipolar disorder [10] . The precise mechanism of action of VA in these central nervous system disorders is uncertain but may involve the modulation of neurotransmitter levels or the inhibition of voltage-dependent sodium channels. Through its activity as an HDAC inhibitor, VA can increase the expression of a variety of genes [11] . Ylisastigui et al. showed that VA could induce rescue of replication-competent HIV-1 from resting CD4 + T cells of patients receiving HAART [12] . In a recent clinical trial, 4 patients receiving HAART and the entry inhibitor enfuvirtide were given VA for 3 months, and a modest but significant decrease in the frequency of latently infected cells was noted in 3 of them [13] . This study concluded that approaches of this kind might allow the cure of HIV-1 infection.
Because of the widespread use of VA to treat common chronic neurological and psychiatric disorders, many HIV-1-infected patients have been treated simultaneously with HAART and VA for long periods of time. We therefore conducted cross- sectional and longitudinal studies of the frequency of latently infected cells in these individuals to ascertain whether the clinical use of VA had any ancillary effect on the latent reservoir for HIV-1.
Patients, materials, and methods. We studied HIV-1-infected adults who had been continuously receiving VA for at least 3 months and receiving HAART for at least 3 months with suppression of viremia to !50 copies/mL. All patients gave informed consent for donating blood.
Latently infected cells were detected by a quantitative limiting-dilution culture assay, as described elsewhere [1, 4] . Briefly, resting CD4 + T cells were purified from peripheral-blood mononuclear cells (PBMCs) by use of depletion with monoclonal antibodies and magnetic beads followed by cell sorting. This method gives resting CD4 + T cell purities of 199%. Limiting dilutions of purified resting CD4 + T cells were activated with the mitogen phyohemagglutinin and irradiated PBMCs from healthy donors. Cells were cultured in the presence of CD4 + lymphoblasts from healthy donors, to allow growth of virus released from latently infected cells. Virus growth was detected by ELISA for HIV-1 p24 antigen in the supernatant. The frequencies of infected cells were determined by the maximum likelihood method and were expressed as infectious units per million (IUPM) resting CD4 + T cells. The confidence intervals (CIs) for individual determinations were ‫7.0ע‬ log 10 IUPM. Random-effects regression models [14] were used to estimate the mean decrease in log 10 IUPM over the follow-up time from initiation of therapy. Half-life estimates were calculated on the assumption of first-order decay kinetics.
Results. To determine whether the clinical use of VA could affect the size of the latent reservoir for HIV-1 in patients receiving HAART, we recruited asymptomatic adult patients who had had suppression of viremia to !50 copies/mL after having received HAART for at least 3 months and who had also been receiving VA for seizures, migraine, or bipolar disorder for at least 3 months. This minimum treatment period was chosen because Lehrman et al. [13] observed a significant decay of the latent reservoir over a 3-month period in patients receiving HAART, enfuvirtide, and VA.
Patient characteristics are shown in table 1. At the time of initial sampling, the average time receiving HAART with suppression of viremia to !50 copies/mL was 26.1 months (range, 4.9-53.9 months). Plasma HIV-1 RNA levels were also measured at the time of sampling and were р50 copies/mL in all patients. At the point of initial sampling, the average time receiving VA was 21.9 months (range, 6.7-38.8 months). When NOTE. CI, confidence interval; IUPM, infectious units per million resting CD4 + T cells. a At the time of last analysis, measured from the first viral load !50 copies/mL while receiving a suppressive HAART regimen. b Slopes were calculated using a random-effects regression model for decay with first-order kinetics, as described elsewhere [4] . c For decay; values are based on comparing the slope relative to . m p 0.0 d Based on Siliciano et al. [4] .
initially sampled, the average length of time that the patients had been receiving both a suppressive HAART regimen and VA was 12.7 months. Thus, this group of patients had been exposed to HAART plus VA for much longer than the 3-month treatment period used in the study by Lehrman et al. It was therefore of interest to measure the frequency of latently infected cells in this cohort.
To detect latently infected cells, we used a well-characterized assay that allows measurement of the frequency of resting CD4 + T cells that are capable of releasing replication-competent virus after cellular activation [1, 4] . With this assay, latently infected cells were readily detected in all 9 patients (table 1). At the time of initial sampling, the geometric mean frequency was 1.05 IUPM, slightly higher than the mean frequency previously reported in a large cohort of patients receiving long-term suppressive HAART regimens (0.82 IUPM; [4] and studies cited therein). Thus, despite treatment with HAART plus VA for 14 times longer than the period used by Lehrman et al., levels of latently infected cells were similar to those seen in patients receiving HAART alone. It remained possible that the patients in our study had had unusually high levels of latently infected cells that had decayed to the normal range at the time of initial sampling. To exclude this possibility, repeat measurements were made in 7 of the 9 patients a mean of 5.1 months after the initial sampling. These measurements provided no evidence for decay of the latent reservoir. Frequencies actually increased in 4 patients, remained the same in 1 patient, and decreased slightly in 2 patients (table 1). The geometric mean frequency at the second sampling after a mean time receiving HAART plus VA of 19.1 months was 2.2 IUPM, approximately twice the level seen at initial sampling.
In previous studies, we have used cross-sectional and longitudinal measurements of the frequency of latently infected cells to estimate the decay rate of the latent reservoir in patients receiving long-term HAART [4] . To explore further the possibility that HAART plus VA accelerates the decay of the latent reservoir, we used the same statistical approach to estimate the decay rate of the latent reservoir in patients receiving HAART plus VA (table 2). The analysis was done using a random-effects regression model for decay with first-order kinetics. This analysis assumes that patients have different initial numbers of latently infected cells and estimates the decay rate taking into account the correlation between data from the same patient. The estimated decay rate was extremely slow, Ϫ0.00245 log 10 IUPM/month (95% CI, Ϫ0.02467 to 0.01977 log 10 IUPM/ month). This decay rate is not statistically significant from zero ( ) and is similar to the decrease seen in a large cohort P p .7965 of patients receiving HAART alone (Ϫ0.00681 log 10 IUPM/ month [4] ). Use of the months receiving both HAART and VA as the time variable did not change the inferences; in fact, the estimates were then positive, with CIs that contained a zero slope. Taken together, these results suggest that the clinical use of VA in patients receiving HAART does not lead to a rapid decay in the latent reservoir.
Discussion. We have used a well-established culture assay for latently infected cells to determine whether patients receiving HAART who are also receiving VA for neurological or psychiatric conditions experience a reduction in the size of the latent reservoir for HIV-1 in resting CD4 + T cells. Latently infected cells were readily detectable in all patients studied and did not in general decrease over time in a given patient. The estimated decay of the latent reservoir was extremely slow and was similar to that previously reported for patients receiving HAART alone.
Our results appear to differ from those of Lehrman et al. [13] , who noted a decline in the size of the latent reservoir in 3 of 4 patients receiving VA for 3 months in addition to HAART and enfuvirtide. There are several potential explanations for the differences in the results of the 2 studies. First, Lehrman et al. used enfurvirtide in an effort to enhance suppression of viral replication in patients who were already responding well to HAART. Enfuvirtide was not given in our study. However, it is not clear that enfuvirtide had any additional suppressive effect on viral replication in the patients studied by Lehrman et al. In fact, 2 of the 4 patients continued to have low-level viremia after intensification of enfuvirtide. Second, the dosages of VA used in our study were not fixed. The dosages ranged from 500 to 2500 mg/day, depending on the amount needed to maintain therapeutic benefit in each patient. Lehrman et al. used dosages of 1000 to 1500 mg/day. Third, there were some differences in the assay methods used to detect latently infected cells. Finally, because latently infected cells are rare and must be quantitated by use of limiting-dilution assays that are subject to Poisson statistics, it is possible that the differences reflect statistical fluctuations in the latent-cell assays. In this type of analysis of decay curves, much greater weight can be given to points farther out on the time axis. After a mean of 19.1 months of receiving HAART plus VA and a mean of 5.1 months after initial analysis, we noted no consistent decay in the latent reservoir. Clearly, further study over prolonged treatment periods will be needed to assess the effects of VA on the latent reservoir.
Regardless of whether VA proves to be useful, efforts to decrease the size the latent reservoir through studies of the kind reported by Lehrman et al. [13] are of great importance, because cure of HIV-1 infection cannot be achieved without elimination of the latent reservoir in resting CD4 + T cells. A recent report [15] describing the rapid rebound of viremia in a patient who had discontinued HAART plus VA after 12 years of treatment highlights the need to find more-effective ways of targeting the latent reservoir. The problem is exacerbated by the exponential growth of the virus observed after treatment interruption. In principle, this allows a single residual latently infected cell to rapidly rekindle the infection. There is the additional problem that HIV-1 may persist in additional reservoirs distinct from the latent reservoir in resting CD4 + T cells.
